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ABSTRACT
~ summary ~s ,presented of an ,experimental i~vestigation.of
the residual stresses produced in plat~s due toweldi~g.
The plates are we~ded at either t~e center or the edge and
the magnitude and pattern .of residual stress distribution are presel1:ted
for a wide range of plate and weld sizes. T~ese distributions are use-
ful in the determi~ation of residual stress distributions for shapes
built up from ~he plates by welding. .A knowledge of tqe residual stress
distribution ifl a structural shape leads to ,t:Qe determi~ati()n .of its
column .s~rength.
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1. INTRODUCTION
,A research project on the "Influence of Residual Stress on
Column Strength' and the Mechanical P,roperties of Rolled Shapes" has
been in progress at Lehigh .University under the guidance of Task Group 1
of t~e Column Research Council. This Task.Group was assigned the ~ask
of determi~i~g the relationship between ,material properties and the
strength of columns.(l)
currently the project has been extended to the study of the
strength of welded built-up columns. The i~vestigation was concerned
only ·with bars and universal mill pl~tes of ASTM.Designation,A7 Struc-
tural Steel.
Purpose and Scope
Residual stresses are the stresses that remain in a material
as a resul.t of plastic deformations. These are caused by the uneven
cooling of the material after hot-rolli~g· as well as by various fabri-
cation methods such as welding and cold bending. (2)
Built up column .sections Which.are formed by weldi~g plates
together develop residual stresses that may reduce the column buckli~g
strength co~siderably. As with all structural steel shapes" column
strength is defined principally by the magnitude and distribution ,of
residual stress. (3) The reduction in column strength is due to the
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presence of high compressive residual stress at cer~ain critical sections
of the shape, which lower· the effective compressive yield stress at that
point. For this reason the magnitude and distribution of residual stres-
ses due to ,weldi~g on the component parts of the built-up shape is impor-
taut. A typical distribution ,of residual stress in a welded built-up
H--section ~s shown in .Fig. 1.
Although tests of H-shaped welded members exhibit a stre~gth
that is considerably less than that of correspondi~g rolled H-shap'es, it
,would be expected that _welded "box" columns would be somewhat stronger
than the corresponding rolled members beca~se of the presence of tensile
residual stresses at the corners. (3) Theoretical investigations have
shown this to be so, and experimental ,verifications are under way.
An experimental study was carried out to define the effect of
welding on plates which could be used to £orm,w~lded built-up shapes.
Influencing .Factors
Residual stresses in.welded plates are influenced by the
geometry of the plates, the type of.welding, the speed·of-welding and
the rate of cooling, the geometry being the main factor. (2) (3) (4)
T~e molten.weld metal deposited in the joints melts .t4e adjacent
base metal, the welded plate t~en cooling down to atmosp~~ric temperaturee
The temperature gradient across the weld is steep but continuous. The
t~eoretical analysis of thermal and residual stresses is made complex by
the fact that the physical properties of the metal vary with t~mperature
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and also because plastic deformation is involved.(2)(S)
For the same welding conditio~s a wider heat affected zo~e is
created in .thin~er plates than in thicker plates. ,Width ,of the plate is
no great factor for the behaviour of the proximity of tq.ewe~d. Itdqes
however influe~ce tq.e ge~-eral rise in ,temperature after welding. Spread
of welding affects mostly the shape of the isothenn.(6)
,Previous Research
The mat~ematical analysis for the magnitude andd~stribution.of
residual stresses in ,welded plates is very complicated and not exact.
Simple cases have be'en .analyzed based on apprqximate assumptio~s.
Early analytical work was carried out among others by GrUning,(7)
Boulton and Lance Martin,(8) Rodgers and Fetcher(9) and, more recently,
by Weiner. (10) .As an example of early theories, GrUning assumed that
the residual stress was equal to the thermal stress at the in'stant of
welding;; the tq.ermal stress being limited by the yield stre11;gth ,of the
material,. This value of residual stress was approximately true since
the' thermal stresses at the insta~t of weldiIl:g have the greatest influ-
ence on ,t~e resulting re~idual stress, ,WeiQer has presented a rigorous
solution ,to. t~e three-d:lme~sional plate, disregardil1:g, however,'the
variation ,of mechan~cal properties with temperat~re.
Rosenthal made a d'etailed investigation ,o~ the temperature
distribution resulting 'from ,weldi~g atl:d gave solutio~s for a number of
cases. (6) The temperature distribution is a very necessary step in the
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calculation.of residual stresses wl1.ere greater accuracy is desired than
afforded by the more approximate methods.
Residual sttess distributions have been calculated for selected
plates and welds in conjunction .with this present study, and will be
reported separately. Briefly, once the temperature distribution is
obtained, the t~ermal stresses and hence the residual stresses can be
calculated. This is not simp.le and must follow a step-by-step procedure
since the material properties vary. The plate is assumed thin enough to
be a two di~ensional problem but this assumption is not valid for
very thick plates.
The step-by-step method ta~es into account the complete history
of cooling and the variation ,of material propert~es. At each step, the
plast~c deformation is considered and equilibrium accounted for, such
that the complete history of stress throughout the cooli~g is obtai~ed.
The method is apprqximate, however, because insufficient data
is avail~able for t1J.e material prope,rti'es of steel at elevated tempera-
tures. The above procedure as applied to a welded plate is represe~ted
pictorially in .Fig. 2. The "temperature .distributiol1" is indicated
for each .i~terval of t;~me con,sidered, time being measur'ed from ,the in-
stant of first _deposition of weld .. The ,"temperature incremeIl;ttt is the
difference iil t~mperature between successive time intervals considered.
The "tQ.ermal stress" for any time interval is the stress created in
the plate due to the temperature distribution of the temperature i~­
crement. The ."cumulative thermal stress·' give·s the a,ctual thermal
stress at any t,imeint.ervctl, and is the summation .of all proevious
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"thermal stresses" up to al1d includi~g the time interval considered;
the summation ta~es into account the material properties of steel at the
elevated temperatures. The "cumulative thermal stressH at tQ.e time of
infinity is the residual stress remaining in the plate.
T~e measurement of residual stresses in plates due to we~ding
has been pursued a~niost since the beginning of modern.weldi~g. A few of
the more recent studies will be mentioned:
Griffiths measured residual stresses transverse to joints made
up by welding. (11) He used plates of size 4.1/211 x.48" x 5/8" and
12" x 36" x 5/8" and the magnitude of residual stress was observed to
be 10 ksi to 15 ksi. A~so he found that the greatest value in tension
was at a distance of 1 to 2 inches away from the line of weld.
Interesting results were obtained by Russian researchers(12)
,who measured residual stresses due to beads welded external to plates
of size 6.9" x 24'1 x 0.43" and a center weld in ,a plate of size
5.a" x 19" x 0.43". T~ey observed a stress of 40 - 44 ksi tension at
the center an~ 9 - 25 ksi compres'sion at the edges..
,Wilson ,and Hao conducted tests on center-welded plates,
5" x 7/8f-t and 12" x 5/8".(5) The residual stress at the weld in the
5" wide plate w'as 34 ksi tension .and 20 ksi compression at the edges.
The corresponding stresses in the 12" wide plates were 48 ksi and 18
ksi.
Meriam, De Garroo and Jonassen found ~hat cold working gradually
reduced welding residual stresses. (13) They tested the redistribution
249.7
of residual stresses by applying a tensile loading along a unionmelt
weld joining two 3' x 12' x 1" plates.
Rosenthal and Norton perfected a method to find the exact
distribution of triaxial residual stresses due to welding. (14)
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Krefeld and Ingalls in their illvestigati.on .on residual stresses
in a butt-welded structural I-beam found tl:1.at the distributi.on was sim-
ilar to that in flat plates. (15)
,Weck studied the residual stress distribution due to welding
and concluded that Stresses approaching the yield point .were always' found
in the welded steel. He also stated that welding procedure was of little
influence on the magnitude of the stresses. (16)
(17)Gunnert presented a method for measuri~g residual stresses
in a very small localized region, as well as determining the direction
,of t~e principal stresses. The method is applicable to booth the pareqt
metal and the weld .
.. (18) 1 d 1 1FUJ~ta presented experimenta an theoretica resu ts for
both the temperature d~strib~tion and thermal al1d residual stresses
arisi~g during a~d after tqe center we1diIl:g of plates. Tests on center-
welded 10" x 112ft plates showed residual stresses of 50 ksi tension
.at the center, 13 kai compression at t~e ed:ges, with the maximum ,com-
pression stress of 25 ksi occurring about 2" from the edges.
Many other researchers co~ducted tests to determiQe residual
stresses. However) no one came to a definite conclusion or studied th'e
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variation due to t1l.e g'eometric properties of t~e plate itself.
The .purposeof this study is to ir~:"estigate the magnit~de and
distribution .of residual stress in welded plates in ,order to present
predictions for res~dual stress in ,plates which.make up we~ded built-
up sections .. In ,order to accQmplish .th~s objective, the variation in
geqmetry must be considered as well as t~e position ,of the weld.
2. DESCRIPTION ,OF TESTS
Types of Welds
Tests were planned so as to include plates of various sizes
which would be expected to be generally used in built-up members. The
se~ection of plates chosen encompassed a range larger than ,any hitherto
tested in .any single .program. Table 1 shows the various sizes of
plates used and the tests conducted on them. Tables 2 and 3 give the
information ,available from each of the tests. Pla.tes 1/8" and 3/16"
thick.were originally included in the program but were removed when it
was fouQd that t~ey were not generally used in ~elded structures, nor
were they readily available~
The majority of t~e.welds were multi.-pass as would be the case
for actual built-up shapes. However, res~dual stresses were measured
on .onewelded pl~te to note the cumulative effect of single-, double-
and triple-pass welds (Fig. 4a, plate T-7~5). Figure 4b shows the lay-
out of a typical test plate (plate T-5).
The plates were welded in the "Flat Position" by hand by
-8-
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experienced professiol1al _welders and all welding standards were adh'ered
to. The plates were clamped to ~eavy structural columns of large cross
section. There was no pre-cambering since warpi~g was not a criterion
for these plates. The weldi~g set up for a plate is shown in Fig. 5.
The speed of we~ding, type of electX'ode, current, voltage as
well as any relevant _details were recorded for each welded plate so that
the experimental results could be correlated with analytical results if
r'equired. This information is given in ,Table 4.
The plates used in these tests were all bars or universal _mill
plates cold-straightened at the mill to be within specification tolerances
as to straightness. The straightening ,was carried out at intervals of a
few feet w~ere required.
Residual Stress Measurement
The plates used were sufficiently lo~g so that a uniform ,state
of stress would exist in .tlle central portion w'Qere the residual stress'e's
were measured. Residual stress measurements wer-e made on ,a 10" gage
length, both ends of ,which were at a d~stance from the cut edge more than
the width of t~e plate, which has been shown to satisfy the requirements
for effect of boundary conditions. (2)(3)
A few tests were conducted also to study the variation ,of
residual stress along the length of the plate. Figure 6 shows the layout
of plates for which res~dual stress was measured at more tha.n one
section.
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Residual stresses were measured on ,non-welded as-rolled plates
to determine the distribution of residual stresses before welding. Res-
idual stresses were measured by the "method of sectioning" described
in Reference 19. Gage holes were mar~e~ on the plates, the gage length
was measured an'd the plate cut into pieces, as shown in Fig. 7 for a
typical plate. Cutting rel~eved the stresses in the plate, and by meas~
uring the gage length again, the change in length gave the elongation or
shortening, from which the stress that was released could be found. It
should be noted that this method gives the longitudinal residual stresses
only, although by infetence, the lateral residual stresses are also ob-
tained.
Coupon Tests
Coupon tests were conducted on tension coupons taken from plates
before and after welding in order ,to obtain plate material properties.
Figure 8 shows a typical lay-out of coupons cut #from plates. To check
the yield stress level of the material at the weld, tension tests were
made on coupons of both the standard size and of a small size, shown in
Fig. 8. The small coupon consisted almost entirely of weld material.
Tables 2 and 3 indicate from which plates the tension coupons
were cut. ffhe dimensions of the coupons were in ,accordance with,ASTM
'-f- i ,(20)specl. l..cat ans.
'3 e TEST RESULfrs AND DISCUSSION
The results of the tests are shown in~Figs. 9 through 22 and
in ,Tables 4~ 5, 6 and 7. The figures are classified into two groups~
a) plates with center welds and b) plates 1n1ith edge ~elds. Wherever
residual stresses were measured on non-welded plates, they were drawn
in the figures with the corresponding welded plate. The size of t4e
weld is indicated in each of the stress patterns. The tableS give in-
formation as to the plate size and weld size, as well as welding details;
the yield stress level is shown and each residual stress distribution is
tabulated.
The distribution of residual stress for all plates, welded and
no~-welded, is approximately parabolico
For non-welded plates,? the maximum tensile res~dual stress
varied from 1.ksi to 9 ksi and had an average value of about 4.5 ksi.
The compressive residual stress at the edges varied from 3 ksi to 17 ksi
and had an average value of about 7 ksi. These residual stresses are
formed in the plate due to plastic deformations from cooling after
rolling. Plate T-7 (Figo 11) was the only one for the whole i~vestiga­
tion in which the cold-straightened portion.of t4e plate coincided with
the portion selected for residual stress measurement. T~e straighteni~g
relieves residual stresses(18) and this is the reason for the absence of
appreciable amounts of residual stresses in .Plate T-7 (Fig. 11).
-11-
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For plates welded alo~g the centerline with a single V- or a
double V-weld, the residual stress pattern is the same) showing that
the heat input, rather than the shape of the .weld is the prime factor
for the formation of the residual stresses, although .heavier welds
give slightly higher stresses. See Fig. 12, Plate T~3. In all cases,
the areas of tens~le and compressive s~resses are equal, indicati~g
that the residual stress measurements and methods are reliable.
(However in Fig. 17 tbe areas do not appear to balance as the plate
was thick an~ measurements were made on one side only.) ~e resiqual
stress at the -welds ~s seen to be far above the yield strength of the
base material, sometimes as high as 80 kai. Such a high stress is re-
corded on, or ~n t~e close vi~inity of the weld me~~l, the parent
plate material not being able to withstand a stress higher th~n its
yi,eld strength.
T~e stress patterns are symmetrical about the weld. For wide
plates (greater than about 16") and heavy welds, the plates develop
te~si~e residual str~sses at the edges as shown in Fig. 16 (Plate T-IO).
For medium .width plates, the stresses at the edges are compressive a~d
t"4eir magnitude dQes not appear to depend on the geometrical properties
of the plate, but ra~her on the .depth and size of th~ weld. See Figs.
12 through 15, Plates T-~, 3, 5 and 11.
The res:i:.dual stress patter~s for edge-welded plates are similar
in all cases and ,show a high tensile stress at the welded edge, similar
to tne stress along the-weld in center-welded plates. At the remote
edge the tensile residual stress is about 8 ksi. On wide plates (appro~,..
249.7 ~13
imately greater than 16") the remote edge may develop compressi"e
residual stresses as in~Plates T-6, 10, 14 and 16, Figs. 21 and 22. T~e
reversal of stresses at the far edge occurs since moment equilibri~m of
res~dual stresses has to be maintained inter~ally) to compensate for the
unsymmetrical ~eat input a~d temperature distribution
The effect of one-, two- and three-passes of weld is shown for
the centrally.welded plate, Fig. 11, ,Plate T-7. There is surprisi~gly
little difference between the residual stress distribution d~e to sue-·
cessive passes, although the residual stress magnitude does increase
somewhat with each additional pass. This shows that residual stress
magnitude is not a dir~ct ratio of the heat input, the first applica-
tion ,of heat hav'ing t~e greatest effect. This may be understoqd wl.1.en
.one realizes that the y~eld properties of the material have a very
definite boundary which can be exceeded only slightly by the changes
wrought by the hea~ o~ deposition. The above only applies to medium
size plates with few P~ss~s of weld, a greater difference of numb~r of
passes will show up in the magnitude of the residual stresses away from
the ,~eld, rather than .at t~e weld,
.Welding changes the materia~ properties of the plate only in
the vicinity of the weld. The most important change is that the yie~d
stress level is increased, which requires a corresponding increase in
residual stress elsewhere in the distribution. To check the yield
stress level at the .weld, tension tests were run on both standard and
small coupons. The results were in ,good agreement, however, except that
the ductility of the small coupons containi~g the weld was decreased,.
249.7
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TQe y~eld stress levels of the materials tested before a~d after welding
are given in Table 5 and are taken from coupon tests.
Residual st-ress patterns across di,fferent sections of the same
plate are shown in Fig. 10 for Plate T-l) for the unwelded a~d si~gle-V
center welded c~ses; also in Fig. 11 for Plate T-15 for a double-V weld
alo~g the center line, a~d in.Figs. 18 and 22 for Plates, T-8 an~ T-6
which were edge welded. There is very little" difference between the
stress patterns for each type, and hence, it can be concluded that t4e
residual stresses are uniform along the length of tne plate, and that
,the tests and measurements satisfy St. Venant's principle for boundary
conditions. The latter conclusion may be made because the center sec-
tion in any serie,s is far removed from ,the edges, yet tb;e distribution
t1:).ere agrees well with that of the end section which could be affected
by end condltions.
It is noted that~ for thick plates, the residual stress distri-
bution for each side differs appreciably. See Fig. 11, Plates T-15 alld
T-17~ This shows that there is a limitation to the thickness of a plate
for the residual stresses to be regarded as two dimensio~al in the plate,
and from the measurements of this program of tests it is concluded that
plates thinner than 1/2" may be regarded as "thin" ,plates, in that
weld~ng on o~e face produces uniform stresses throughout the plate thick-
ness. (This is basically a problem of uniformity of temperature distri-
bution, which has been considered theoretically,(6) it being found that
plates l~ss than .about 7/16" may be regarded as two dimensional fo,r
temperature distribution p~rposes.)
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The salient dimensions of the residual stress distributions for
all the plates have been enumerated in .Tables 6 and 7. These tables
. (19)
have_ been derived on the assumption that cry = 33 ksi for each plate.
For purposes of prediction of residual stresses, the plate sizes have
been divided into three groups, less than 8", Bit to 141t and 16" to 20",
called "narrow", ,"medium" and "wide" plates. ,The residual stress
dimensions are ~hown ~gainst the weld size, for e~ch test. ,Average ex-
perimenta1 values of residual stresses are shown as predicted values for
each of these groups in Table 8. As a result of the investigation, it is
possible to estimate the distribution and magnitude of residual stresses
in welded plates, as shown in Table 8. Asan,.example, for a .medium plate
with a weld at the center the residual stress would be about 52 ksi ten-
sion .at the center and about 23 ksi compression ,at the edges. S~milar
predictio~s can be made for other plates, both edge and center welded.
All the welding in this investigation .was carried out manually
and usually consisted of two or three passes. ,No automatic welds were
made automatic welds will be considered in ,a future study ..
Ge~eral1y speaking, the residual stress distributions for vari-
aus plate sizes given in the literature agree well.with those of this
iI1-vestigation.. .~ereas mainly "wide" plates have been considered by
other investigators previously, this study covered a wide sample of all
plate sizes.. Since the influence of residual stress on colum~s stre~gth
had not been realized before, this series of tests is the first to
systematically tabulate residual stress distributions arising in plates
making up welded built-up shapes with a view to utilizing the results
in column strength predictions.
4. SUMMARY
This sectio~ summarizes the res~lts of an experimental investi-
gation into the magnitude and distribution.of residual stresses arising
in plates due to edge and center welding. The results of this study
will be used in the determination of the influence of residual stress
on the stre~gth at welded built~up columns.
'~
The plates are of ASTM.Designation.A7 structural steel, welded
manually. The plates vary in.width from 4" to 2011 and in thickness
from 1/4" to ltt.
1. The distribution.of residual stress in all plates, whether
due to cooling from .rolling in.the unwelded p~ates, or d~e
to cooling from.welding in the welded plates, is approxi-
mately parabolic in shape, except at the weld ttself (Figs.
9 through 22) •
2,.
3.
.Cold-straight~ning of the plates in the mill shows no ,effect
in the.welded plate (Section III).
T~ere is no great variation ,of residual.stress in ,welded
plates between successive passes, a~d the f~rst pass causes
the majority of the residual stress (Fig. 11).
4. .Where the.welding conditions are uniform along a plate, the
residual stresses are also u~iform along the distance of the
-16-
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plate (Figs. 10) 11, 18 a~d 21)$
5. Residual stresses in welded plates can be measured accurately
in a section to within a distance of the width of the plate
from a cut edge (Section III)A
6. .Welding changes the material properties of the plate only in
the vicinity of the.weld. The most important change is that
the yield stress level is increased, which requires a propor-
tionate increase in res~dual stress elsewhere in the distri-
bution ,(Table 5).
7. Plates smaller than 1/2" in thickness may be regarded as
"thin" plates in that weldi,ng on o~e- face produces uniform
stresses throughout the p~ate thickness.
8. The results of this study make it po~sible to estimate the
residual stress magnitude and distribution for welded pla~es
(Table 8).
-17
5 • NOMENCLATURE
b = .width of the plate
E ,symbol fo'r edge weld
t = thickness of plate
T = depth ,of weld
V = single-V groove weld
X = ,double~V groove weld
= parameters in terms of 'b" used to express t~e
distance of the points where residual stresses
are zero or maximum (compressive)
= yi~ld point, y~eld strength or yield stress level
= .static yield stress level (zero strain rate)
= residual stress at the center of the center welded
plate
= residual stress at the edge of t~e center welded
plate
= residual stresS'at the welded edge of the edge
welded plate
= maximum compressive residual stress in the edge
welded plate
= residual stress at the non-welded edge of the edge
welded plate
-18-
Yie1d,Point~
Yield:Strength~
6 • DEFINITIONS
The stress at which a noticeable increase in
strain .occurs without increase in stress. (29)
The stress corresponding to the load which
produces in a material, under the specified
conditions of the test, a specified limiting
(20)plastic strain.
Yield Str·ess Lev~l: The average stress during actual yielding in
~he plastic range. ,It remains fairly consta~t
for structural steel provided the strain rate
remains constant. (Practically speaking, this
means the stress at 0.5% strain.)
-19-
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Table 1. Plate Sizes Tested
-22
b
4 6 8 " 10 12 16 18 20
t
1/4 x 0 x 0 + * x 0
3/8 0
1/2 0+* 0 x 0 * 0 x 0,+ * 0
3/4 0 0+* a
1 x 0 0+ * 0 x 0
t Thickness of plate
b ·Width of plate
x Residual stress before.welding
o Residua! stress after welding
+ Coupon tests before welding
* -Coupon tests after welding
Note~ All sizes given .are in inches unless otherwise shown.
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Table 2. Data Grouped According to.Plate Width
; ,
Plate .Size Residual Stresses Type a~d Depth -Coupon ,Tests
Test Measured of Welding (T)
No. b t b'efore after Sing~e Doub~e before after
(in. ) (in. ) welding wel.ding -v -V edge welding welding
T-4 4 1/4 x x 1/4
T-l 6 1/4 x :k 1/8 x 'x
x 1/4
T-12 6 3/8 x 3/8
'T-7 6 1/2 x x 1/8 1/2 1/4 x x
x 3/8
T-15 6 3/4 x 3/4
T-17 6 1 x x 1/2
T..8 8 1/4 x ,x 1/8
T-3 8 1/2 x 1/4 1/8
x 1/2
T-2 10 1/2 x x 1/2 1/2 1/4 x
T-ll 12 1/2 x 1/4
1/2
T-5 12 3/4 x 1/4 1/4 x x
x 1/2
x 3/4 .
,T-18 12 1 x 1/2 x x
T-13 16 1/2 x x 1/4 x .X
T-IO 16 1 x 1/2 1 3/8
x 3/-4
T-16 18 3/-4 x 3/8 3/4 3/8
T-14 20 1/2 x 1/2 1/4
'T-6 20 1 x x 3./8
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Table 3. .Data ,Grouped According to ,I'late Thickness
Plate Size Res~dual Stresses Type and Depth Coupon Tests
Test Measured of Welding (T)
NOil t b before after SiIl;gle Double before after
(in. ) (in. ) weldi~g ,welding
-V -V edge we1di~g we~ding
T-4 1/4 4 x x 1/4
T-l ,1/4 6 x x 1/8 x x
x 1/4
T-8 1/4 8 x x 1/8
T-12 3/8 6 x 3/8
T-7 1/2 6 x x 1/8 1/2 1/4 x x
x 3/8
T-3- 1/2 8 x 1/4 1/2 1/8
x 1/2
T-2 1/2 10 x x 1/2 1/2 1/4 x
T-I1 1/2 12 x 1/4
x 1/2
T-13 1/2 16 x x 1/4 x x
T-14 1/2 20 x 1/2 1/4
T-15 3/4 6 x 3/4
,T .... 5 3/4 12 x 1/4 1/4 x x
X; 1/2
x 3/4
T-16 3/4 18 x 3/8 3/4 3/8
I
T-17 1 6 x x 1/2
T-18 1 12 x 1/2 x x
T-IO 1 16 x 1/2 1 3/8
x 3/4
T-6 1 20 x x 3/8
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Table 4. Record of Rate of Application ,of Weld
,Electrode used ~ AWS E6012. ~C Supply
Type*&
.,Test No. Size D'epth ,of I,ength Pass Diam Current "Voltage Electrode&,Plate Weld of Weld No. of Rod (Amp) (Volts) .Speed
(in. ) (in. ) (in. ) (in. ) (in/se~)**
T-l-l 6 x 1/4 V 1/8 24 1 3/32 100 63 0.20
2 3/32 100 63 0.20
-2 6 x 1/4 'V'1/4 24 1 3/16 375 46 0.12
~4 6 x 1/4 V 1/4 150 1 3/16 375 46 0.17
2 ,3/16 375 46 0.16
3 3/16 375 ,46 0.17
-7 6 x 1/4 V 1/8 68 1 3/32 100 63 0.28
2 3/32 100 63 0.30
T~2-1 10 x 1/2 X 36 1+ 3/16 375 46 0.12
2++ 3j16 375 46 0.13
-2 10 x 1/2 E 1/4 36 1 3/16 240 57 0.10
2 ,3/16 240 57 0.13'
3 3/16 240 57 0.13
~3 10 x 1/2 'x 72 1+ 3/16 280 54 0.13
2-1+ ,3/16 280 54 0.10
-4 10 x 1/2 E 1/4 72 1 3/16 240 57 0.10
2 3/16 240 57 0.13
3 3/16 240 57 0.15
-6 10 x 1/2 V' 1/2 30 1 3/16 375 46 0.17
T-3-1 8 x' 1/2 ,V 1/4 36 1 3/16 280 54 0.13
-2 8 x 1/2 X 36 1+ 3}16 275 54 0.11
2+1- 3/16 275 54 0.12
-3 8x 1/2 ,V 1/4 36 1 3/16 280 54 0.13'
~4 8 x 1/2 V'1/2 36 1 3/16 300 53 O~12
2 3/16 375 46 0.12
3 3/16- 375 .46 0.12
-5 8,x 1/2 ,V 1/4 36 1 3/16 280 54 O~11
-6 8 ,x 1/2 E 1/8 36 1 3/16 240 57 0.11
* ..V =:Single~V, X =,Double-V, E = 'Edge
** ·Units for analytical investigation
.+ .Side ,welded first
++ .Sid'e welded second
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Type*&
Test No. Size Depth of Length Pass Diam Current Voltage Electrode& ,Plate Weld of ·Weld No. of Rod (Amp) (Volts) Speed
(in. ) (in. ) (in. ) (in. ) (in/sec)**
T....3-7 8 x 1/2 E 1/8 36 1$ 3/16 240 57 0,10
2e- 3/16 240 57 0.11
-8 8 ,x 1/2 X 36 1 3/16 275 54 0.12
2 3/16 275 54 0.13
-9 8 x 1/2 V 1/2 28 1 3/16 375 46 0.14
T-4-1 4 x 1/4 V 1/4 42 1 3/16 275 54 0.09
T-5-2 12 x 3/4 V l/-4 59 1 3/16 285 53 0.08
-3 12 x 3/4 V 1/2 59 1 3/16 ,410 44 0.08
2 3/16 410 44 0.06
-4 12 x 3/4 V 1/4 38 1 3/16 285 53 0.08
-5 12 x 3/4 E 1/4 38 1 3/16 425 43 0.10
-6 12 x 3/4 V 1/4 38 1 3/16 275 54 0.20
2 3/16 275 54 0.10
-7 12 x 3/4 'v 3/4 59 1 1/4 410 44 0,14
2 1/4 410 44 o.iz
3 1/4 410 44 0.10
-4 1/4 410 44 0.08
5 1/4 410 44 0.23
T-6-1 20 x 1 E ,3/8 60 1 3/16 240 57 0.11
2 3/16 240 57 0.12
3· 3/16 240 57 O.~5
-3 20 x 1 E ,3/8 120 1 3/16 240 57 0.12
2 3./16 240 57 0.14
3 3/16 240 57 0.18
T-7-2 6 x 1/2' V 1/8 30 1 1/8 140 62 0.11
-3 6 x 1/2 -x 30 1+ 3/16 285 53 0.08
2++ 3/16 285 53 0.08
-4 6 x 1/2 E 1/4 40 '1 3/16 275 54 0.07
-5 6 x 1/2 V 3/8 108 1 1/8 190 59 0.18
72 2 1/8 190 59 Ottl1
36 3 1/8 190 59 0.07
* 'v = :Sing~e-V, X =.Double-V, E = Edge
** Units for analytical i~vestigation
+ Side welded first
++ .Sidewelded second
1b' Both the edges are welded one after another
249.7
Table 4. (cant.)
-27
Type*&
Test No. S;Lze Depth of I.;.ength Pass Diam ·Current Voltage ,Electrqde&,Plate Weld of Weld No. of Rod (Amp) (Volts) Speed
(in. ) (in. ) (in. ) (in. ) ~(in/ sec)**
-
T-8-1 ,8 ,x 1/4 E 1/8 36 1 5/32 110 63 0.42
-2 8 .x 1/4 E 1/8 73 1 5/32 110 63 0.38
T-IO-l 16 x 1 V 1/2 44 1 3/16 260 54 0.15
2 3/16 260 54 0.09
3 3/16 260 54 0.07
-2 16 x 1 V 3/4 44 1 3/16 260 54 0.17
2 1/4 325 51 0.14
.3 1/4 325 51 0.11
4 1/4 325 51 0.07
5 1/4 325 51 0.06
-3 16 x 1 X 44 1+ 3/16 200 58 0.17
2 3/16 250 56 0.15
3 3/16 250 56 0.17
4 3/16 250 56 0.10
5 3/16 250 56 0.07
6 3/16 250 56 0.07
7 3/16 250 56 0.07
~4 16 x 1 E 3/8 44 1 1/4 240 57 0.19
2 1/4 240 57 0.18
3 1/4 240 57 0.14
,T-~1-1 12 X 1/2 V'1/4 39 1 5/3,2 150 61 0.15
2 5/32 200 58 0.11
-2 12x 1/2 V 1/2 39 1 3/16 260 54 0.17
2 3/16 260 54 0.11
3 3/16 260 54 0.09
T-12 6 x 3/8 V 3/8 30 1 5/32 230 57 0.16-
2 5/3-2 230 57, 0.09
T-13,...2 16 x 1/2 E 1/4 75.5 1 3/16 175 60 0.18
2 3/16 175 60 0.23
3 3/16 17"5 60 0.23
T-14-1 20 x 1/2 ,V 1/2 60 1 3/16 250 56 0.14
~ 1/4 300 53 0.13
3 1/4 300 53 0.07
-2 20 x 1/2 E 1/4 60 1 3/16. 200 58 0.12
* .V =.Si~g~e-v, X = Double-V, E = Edge
** Units for ana~ytical investigation
.+ Numbers iJ:1,dicate order of weldi~g~ 1, 2, 6 and 7 are on ,one si;.de;
3, 4 and 5 are on the other side
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Type*&
Tes't No. Size ,Depth of :4ength Pass Diam. ,Current ... Voltage Electrqde& Plate Weld of Weld No. of Rod (Amp) (Volts) Speed
(in. ) (in. ) (in. ) (irJ.c> ) (in/sec)**
T-15-1 6 x 3/4 X 60 1+ 5/32 150 61 0.14
2 3/16 250 56 0.13
3 3/16 250 56 0,.10
4 ,3/16 250 56 0.10
5 3/16 250 56 0.07
T-16-1 18 x 3/4 V 3/8 54 1 5/32 230 57 0.18
2 3/16 2.50 56 0.15
3 3/16 250 56 0.08
-2 18 x 3/4 X 54· 1+ 5/32 2.30 57 0.16
2 3/16 250 56 0.14
3 3/16 250 56 0.09
4 5/32 250 5'6 0.13
5 3/16 250 56 0.07
-3 18 x 3/4 E ,3/8 54 1 3/16 200 58 0.19
2 3/16 200 58 0.20
3 3/16 200 58 0.12
f--.
,T-17-2 6 x 1 .V 1/2 30 1 3/1.6 250 56 0.14
2 3/16 250 56 0.09
3 3/16 250 56 0.05
,T-18-2 12 x 1 E 1/2 63 1 3/16 200 58 0.16
2 3/16 200 58 0.17
3 1/4 300 53 0.11
4 1/4 300 53 0.19
,* ..V = Sing~e-V, X = .Double-v, ,E = Edge
** ,Units for analytical investigation
.+ Passes No.1, 2, 3 are on one side; 4 and 5 are on the other side
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Table 5. Results of Coupon Tests
Before·We1dil1:g After Welding Ductility
Test Plate -Coupon O'Y5 Plate -Coupon (Jys %E1on- %ReductionNo. No. No. (ksi) No. No. (ksi) gation in ..Area
T-l 6 2 42.2 4B 1 41.9
4 41.2 2 46.8*
9 41.6 3 41.7
7 1 41.9
2 45.0*
3 41.4
T-2 3 1 36.6
2 ',34.6
3 43.4*
4 34.3
5 35.7 31.2 59.0
3** ,A2 ,34.5
,AS 54.8* 2200 36.7
AS 34.6
B2 34.8
B5 55.3* 9.3 30.5
B8 34.7
6** 2 33.1
5 52.7* 18.7 27.6
8 33.5
T-5 1 1 27.9 2 1 28.1
2 26~O 2 34.9 *
3 25.6 3 28.7
4 25.6 3 1 29.3
5 26.2 2 42.3*
6 28.0 3 29.5
7 1 30.0
2 45.8*
3 30.1
T-7 1 1 35.5
2 36.4
* ·This coupon includes weld metal
.** All coupons cut from these plates are small coupons
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Before .Welding After Welding "Ductil~ty
Test Plate Coupon °ys Plate -Coupon °ys %E~on- %.ReductionNo, No. .No. (ksi) No. No. (~si) gat ion ,in .A.re$
T-13 1 1 35.6 2 ,Wl 3305
2 34.Z W2 34.8
3 35.7 W3 34.8
4 34.7 W4 35.0
5 34.9 W5 35.2
6 35.4 W6 35.0
7 35.1 W7 35.2
8 34.5 ,W8 34.3
T-lS* 2 -AI 30.3 2 Bl 28.6**
A2 28.8 B2 29.3
A3 28.5 B3 28.7
A4 28·.3 B4 28.8
AS 28.7 B5 29.0
A6 29.7 B6 30.0
* ,This plate was edge-welded
** ·This coupon was from material nearest to the welded edge
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Table 6. Residual Stre~s Distribution in ,Center Welded Plates
a = 33 ksiAssumption ~ y
Residual Stress Positions of Z'ero
Plate plate oro
Coefficients Residual Stress
Test T
Size
-,
No. No. cry arcl arc2
-- ,Mean zl z2 Me,ancry cry
NarrQw Plates
T-4 1 4 x 1/4 1/4 1.30 0.67 0.73 0.70 0.24 0.31 0.275
1 4 x 1/4 1/4 1.42 0.94 0.79 0.87 0.22 0.28 0.250
T-l 7 6 x 1/4 1/8 1.33 0.61 0.55 0058 0.17 0.16 0.165
6 x 1/4 1/8 1.27 0.55 0.45 0.50 0.18 0.17 0.175
4c 6 x 1/4 1/4 1.42 0.76 0.79 0.78 0.18 0.19 0.185
6 x 1/4 1/4' 1.33 0.76 0.67 0.72 0.20 0.17 0.185
6 x 1/4 1/4 1.30 0.79 0.97 O~88 0.19 0.20 0.195
4a 6 x 1/4 1/4 1.36 0.97 1.00 0.99 0.18 0.19 0.18-5
6 x 1/4 1/4 1.27 1.00 1.06 1.03 0.15 0.21 0.180
T-12 1 6 x 3/8 3/8 1.51 0.67 0.85 0.76 0.18 0.17 0.175
,rx-7 5 6 x 1/2 1 pa'ss 0.91 0.24 0.24 0.24 0.15 O.~6 0.155
2 pass 1.00 0.45 0.33 0.39 0.19 0.16 0.175
3 pass· 1.42 0.45 0.39 0.42 0.17 0.19 0.180
T-7 2 6 x 1/2 1/8 0.79 0.36 O~42 0.39 0.15 0.,15 0.150
3 6 x 1/2 X 0.73 0.67 0.61 0.64 0.18 0.19 O.1~5
T-IS l' 6 x 3/4
*
1.24 1.03 0.42 0.73 0.15 0.18 0.165~** 1.55 0.22 1.06 0.64 0.20 0.19 0.195
X'* l~15 1.06 0.39 0.73 0.17 0.17 0.170
,'** 1.67 0.55 1.03 0.79 0.22 0.19 0.205
X·* 1~ 18 0.76 0.36 0.56 0.17 0.18 ,0.175
.** 1.58 0.61 0.94 0.76 0.21 0.18 0.195
T-17 2 6 x 1 1/2 2.42 0.73 0.82 0.78 0.18 0.17 0.175
* :Corresponds to the top surface of the plate
** :Corresponds to the bottom surface of the plate
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Resi.dual Stress Positions of Zero
Coef£ic.~.ent.s Residual Stress
Test Plate Plate T oro arc arcNo. No. Size cry 1 2 Mean Mean
cry cry zl Zz
Medium plates
T-3 1 8,x 1/2 1/4 1.73 0.64 0.67 0.66 0.19 0.19 0.190
3 8 x 1/2 1/4 1.73 0.64 0.64 0.64 0.20 0.19 0.195
5 8 x 1/2 1./4 1.67 OQ58 0.61 0 0 60 0.21 0.19 0.200
4 8 x 1/2 1/2 1.76 0.79 0.73 0.76 0.17 0.16 0.165
9 8 ,x 1/2 1/2 1.49 0.79 0.82 0.81 0.19 0.19 0.190
2 8 x 1/2 'x 1067 0.76 0.88 0.82 0.17 0.18 0.175
8 8 x 1/2 X 1.61 1.06 1.06 1.06 0.16 0.16 0.160
T-2 6 10 x 1/2
*
1.36 0.79 0.76 0.78 0.18 0.17 0.1751/~** 1.61 0.79 0.76 0.78 0.17 0.21 0.190
1 10 x 1/2 ,* 1.24 0.61 0 070 0.66 0.15 0.15 0.150
X** 1.51 0.61 0.70 0.66 0.20 0.20 0.200
3 10 x 1/2
*
1.42 0.67 Oet85 0.76 0.17 0.17 0.170
X** 1.64 0.67 0.85 0.76 0.18 0.18 0.180
.* 1.55 0.82 0.82 0,82 0.19 0.15 0.170
.x** 1 .. 64 0.82 0.82 0.82 0.20 0.16 0.180
T-l1 1 12 x 1/-2 1/4 1.58 0.45 0.30 0.38 0.15 0.13 0.140
2 12 ,x 1/2 1/2 1.42 0.51 0.24 0,,38 0.16 0.14 0.150
T~5 2 12 ,x 3/4 1/4 1.64 0.42 0.76 0.59 0.16 0.16 0.160
4 12 x 3/4 1/4 :L.49 0.49 0.42 0.46 0.17 0.17 0.170
6 12 x 3/4 1/4 1.67 0.4,9 0.30 o. ?I·O 0.16 0.,17 0.165
3 12 x 3/4 1/2 1.67 0.91 0.85 0.88 0.19 0.19 0.190
7 12 x 3/4 3/4 1.70 0.67 0.61 0.64 0.20 0.20 0.200
.. Wide Plates
'T-IO 1 16 x 1 1/2 2.12 -0.79 -0.73 -0.76 0.10 0.10 0.100
2 16 x 1
*
1.27 1.09 1.09 1.09 0.10 0.11 -0.105
3/4** 1.82 0.58 ,0.55 0.57 0.17 0.14 0.155
3 16 x 1 X 1.88 -0.18 -0.30 -0.24 0.12 0.10 0.110
T-16 1 18 x 3/4 3/8 2.12 0 0 0 0.24 OJt 22 0.230,
2 18 x 3/4 X 1.67 0.52 0.30 0.41 0.14 0.13 0.135
T-14 1 i 20 x 1/2 1/2 '1.52 0.64 0015 0.40 0.11 0.10 0.105
* :Corresponds to the top surface of the plate
.** .Correspo~ds to t~e bottom surface of the plate
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Table 7. Residual Stres~ Distribution in ,Edge-Welded Plates
Assumption: '(J = 33 ksiy
Residual Stress Positions of Zero
Test Plate Plate Coefficients and max. CompressiveT Residual Stress
-No. No. Size art arm 'Ore
cry cry cry zl z2 z3
Narrow Plates
T-7 4 6 x 1/2 1/4 1.12 0.70 0.42 0,158 0.292 0.334
T-8 1 8 x 1/4 1/8 1.33 0.48 a 0.125 0.362 0.250
3 8 ,x 1/4 1/8 1.39 0.52 0.09 0.100 0.312 0.250
8 x 1/4 1/8 1.36 0.55 0.12 0.112 0.312 O.2~O
8 x 1/4 1/8 1.42 0.52 0.15 0.112 0.400 0.220
T-3 6 8 x 1/2 1/8 1.70 0.79 0 0.137 0.438 0.25
7* 8 x 1/2 1/8 1.66 0.27 - 0.162 - 0.241.82 0.58
-
0.162
-
0.26
Medium Plates
T-2 2 10 x 1/2 1/4 1.97 0.79 0.18 0.105 0.400 0.225
4 10 x 1/2 1/4 1.97 0.67 0.27 0.110 0.380 0.221
10 x 1/2 1/4, 1.94 0.79 0.24 0.100 0.400 0.210
T-5 5 12x 3/4 1/4 1.45 0.54 0.21 0.121 0.354 0.271
T-18 2 12 x 1 1/2 1.09 0.64 0.21 0.091 0.522 0.239
Wide Plates
T-13 2 16 x 1/2 1/4 1.21 0.36 0.67 0.072 0.484 0.141
T-IO 3 ,16 x 1 3/8 1.15 0.48 ... 0.063 0.563 0.119
T-16 3 18 x 3/4 'JIB 1.36 0.45 -0.36 0.097 0.506 0.200
Tf-14· 2 20 x 1/2 1/4 1.21 0.45 -0.33 0.070 0.520 0.137
T-6 1 20 x 1 3/4 1.18 0.;36 -0.60 0.068 0.500 0,150
3 20 x 1 3/4 1.33 0.49 -0.45 0.060 0.675 0.125
20 x 1 3/4 1.27 0.52 -0.33 0.058 0.650 0.137
20 x 1 3/4 1.15 0.36 -0.24 0.050 0.682 0.115
* This plate was welded at both edges
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Center Welded Plates
Nos. of Distance fromt
Measure- aro arc of plate tojZeroResidual Stress
ments (Mean of zl a~d zZ)
Narrow Plates 22 44 22 0.186
l1edium ,Plates 22 5.2 23 0.176
W~de Plates 7 58 7 0.134
Edge·We1ded Plates
Nos. of Positions of Zero a~d
Measure- art arm ore Maximum .Compressive
nients Residual ,Stress
zl z2 z3
Narrow Plates 6 46 19 5 0.124 0.259 0.127
l1ediumPlates 5 55 23 7 0.105 0.233 0.411
Wid'e Plates 8 41 14 7 0.067 0.141 0.573
9. F I ,G U RES
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o
ksi
50
Inside Face
o Outside Face
Fig_ 1 Residual Stress ~attern in a Welded H~Shape
T.emperatufe
Distribution
Time = 0 sec
'Time = 25 sec
Temperature
In,crement
Thermal
Stress
Cumulative
Thermal Stress
Fig. 2
t
Formation .of Residual S~resses in a Centel-Welded Plate
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Center Welded Plates
T
~r~"'--f'2T ~ _r
T'Y--8
Edge Welded Plates
•
.. •
•
Fig~ 3 Types of Welds used to Simulate Conditions
Prevailing in~Welded H~ and Bqx Sections
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3 '0" 3 ti 0"
Fig. 4a Lay-Out for Multi-Pass Welding (T-7-5)
To store
4' 11" . '3 '0"
Note: 1, for coupons before welding
2.
4\. for 1/4" - 60° center ....V welding
6\,
3 for 1/211 - 60° center-V welding
5 for 1/4" edge weldi~g and
7 -for 314ft - 60° center-V welding
Plates 2 through 7 are to be cut for residual stress
measurement after welding. From plates 2, 3 and 7
coupons are to be cut after weldi~g, of same size as
from plate 1.
Fig. 4b Lay-Out of a Typical Test Plate (Test T-S)
Fig. 5 Typical Welding Arrangement
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Fig. 6 Lay-Out of Plates for which Residual Stress was
Measured at more than one Section
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Gage Line
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Fig. 7 Typical Lay-Out for Marking and Sectioning
(Test T-ll)
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AS-Rol~ed Plate
Ce~ter Welded Plate
EdgeWe~ded Plate
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Fig. 8 Lay-Out for Coupons
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Section B
Fig. 9 Residual Stress Distribution
249.7
-45
~
6" x 1/4." 611 X 1/411
<D
S
cd
m
()
...:t
o
r-i
o
E-t
50
o
ksi
tJ)
(l)
+.:l
cd
r-~
Pi
~
as
t'I.l
S
o
'res H
r-t'+-i
<D
~ m
s::
o 0
~ori
..p
eo
<D
rJ)
+:'
~
Q)
H(})
Ct-l
<+,
or-!
A
~18
+44
T~1""7
·'-J.5
T-1-3
-9 - -12iTb."""",,,+nill!~
+4
T .... 1-5
~ -.~I I(.IIiP-"~
-F5
-11 -11
~lil~l~
-F '
-18
-20
Fig. 10 Residual Stress Distribution
249.7
6" x 318 ft 6"x 3/4"
No weld
T-17-1
T-17 -2
T-15-1
Top face ,
Bottom 'fa'be
Averag,e
...e.....-,- Top face
---J-- Bottom face
•
-15
')A,
•
A
---6---
6" X 111
~ ... 1~,----~--r....-""""r-II~~~-- 1/ 2ft Sing Ie -V
/
t)
50
ksi
Si~gle-V
T-12-1
Single-V
T-7-2
-12
T-7-3
-12
Multi-pass
Si~gle-V
T-7-5
6" X 1/2"
---a- -- one-pass
- A- two-pass
• • three-pass
-4 -4
......~~...............iiiiiI·=-..·iII--....r=d1~ No ,we Id
+1 T-7-1
-12
-16
\
Fig. 11 Residual Stress Distribution
249.7
-47
T-3-4
-~4
. -21
-22 -26 -27
-21
.0
Single
-V ~si
T-3-3
50
-28
Double-V
T-3-2 .,
-19 -20
-35
-34
Double-V
T-3-8
Fig. 12 Residual Stress Distribution
.249.7 -48
1011 X 1/2"
(ave)
Side welded first••
Double-V
T-2-3
---A--- Side welded second
-27
o
50 +~2 (ave)
Sections from same, plat~
ksi
Top face
(ave)
1/2" Center-V
T-2-6
•
.
----A- - Bottom face
Fig. 13 Residual Stress D-istribution
249.7
-15
1211 X 1/2"
-13
1/4" Single-v
T-ll-l
-17 -8
o
ksi
50
1/2'1 Single-V
T-11-2
Fig. 14 Residual Stress Distribution
M9.7
-14
12n x 3/4"
-13
-50
o
kat·,
.~- 50
Fig. 15 Residual Stress Distribution
1/4" Sing1e-V
T-5-2
'1/4" Singl~e-V
T-5-4
1/4" Si~gle-V'
'T-5-6
1/2" Single-V
T-5-3
3/411 Single-V
-T-S-7
249.7
-51
16" X 111
l --_
Q
ksi
50
1/2" -Single-V
T-10-l
-22 (ave)
,
'A,
\
\
't
" / +51 (ave)
\..+J
-26
•
•
3/4" Si~gle-V
T-10-2
Top face
- - -6- - - Bottom face
Double-V
T-I0~3
Fig. 16 Residual Stress Distribution
249.7
18" x3 IA·"
3/8." .Single-V
T-16-1
-52
."1-,
T-14-1
1/2" Single-V
-14
-13
0
Double-V
ksi
T-16-2
50
20ft X 1/2"
-17
.Fig. 17 Residual Stress Distribution
249.7 -53,
6" X 1/2~t 8" X 1/4tl
L------- __
-4
......
•
-4
, Ile'!te. e~
+1 No weld
T-7-1
-,g ," - t ,~'l1
~'*"'~, .11. 1i.If.P'""~
'-f!S No weld
T-8-2
-24
1/411 weld
T-7-4
o
kst
50
+2
1/8 t1 weld
T~8-1
8" x 1/2"
cD
..f.;)
oj
,...,
T-8-3 p..
~
m
0 0)
(1)
,t:f
+:>
E
0
+2 HG-i
t1.l§
.,..,
.p
'C)
Q)
(/.l
i)
rcJ
r-f
(J.)
~
:::
CO
"-M
l/au weld
T-3-6
-22
8" X 112ft
1/8 t1 weld on
both edges
..T,-3~7
Fig. 18 Residual Stress Distribution
249.7
-54
lOU X 1/2"
T-2-2
T-2-4
T-2-5
1/4" weld
1/4U weld
,I
-6
. .....,.".,
+3
"+lIlili I." Ii
Sections from same plate
-26
I
-6
ftn1.r.-..
o
50
01
())
+J
cd
r-f
Pot
<D
rO
4-)
4-J
0
t1.l
CD
'd
·rl
0')
;j
+=>
0
p
g ksi
t1)
(j)
OJ
ro
<D
H
+oJ
0)
r-f
cd
::1
"0
~
(/)
<D
H
rrj
Q)
~p
UJ Q)
cd S
(1) as
S OJ
<D CD
~ Hcd
4-.
<D
+=>
0
Z
Fig. 19 Residual Stress Distribution
249.7
o
ksi
50
1211 X 3/411
4-- -------1
-18
12" x 1"
(-----
1/4" weld
T-5-5
... 55
+8
1/2" weld
·T-18-2
Fig. 20 Residual Stress Distribution
249.7
.,.
16" x 1/2"
I
-17~""''iIII'III'II!i''1 •
+4
-12
•
•
-8
• '! ii" i I I' rfo
-56
No weld
T-13-1
•
1/4" we-ld
T-13-2
16" X 1"
(
tI
i
-15 I
I
0
3/8" weld
+5
~si T-IO-3
50
1.8" x 3/4"
4
-13
-12
Fig. 21 Residual Stress Distribution
T-16-3
.249.7
-57 ,-.
20" X 1/211
, .....-- -- --_-- ---IJ
-l5
1/4" weld T-14~2
20 tl X 1"
~---------------~---
~ . . . .. ) f'-9
. ~'IIIIIII",IIIIIII!IIIIlllll.IIIII.II'llfli1JOJOOl""!~
y) ~ f'-") +3 ~). No weld 'T-6-2
r""" ( .
3/8" weld T-6-1
0
<D
+:>
cd
rl
ksi T-6 --3 Pi
(1)
S
ref cd
50 .-I ro<D
:s S0
- H
+7 co <H~ tr}
s:t
0
0,.;
-11 ~
-8 0Q)
C1J
+3
Fig. 22 Residual Stress Distribution
~""I
. ~
. "-,
.....;.;
10. REFERENCES
1. Column Research Council
THE BASIC.COLUMN :FORMULA, Technical_HemorandumNo. 1
(May 1952)
2. Huber, A" .W.
RES~DUAL STRESS~S IN.WIDE-FLANGE B~ A~ COL~S, Fritz
Laboratory Report 220Ao 25, ~ehigh __ University (July 1959)
3. Beed~e~ L. S.and Tall, L.
BASIC COLUMN STRENGTH, ,ASeE Proe. Paper 2555, 86(ST7)
p. 139 (July 1960)
4. Feder, ,D. K. and Lee, G. C.
R~SIDUAL STRESS~S IN .HIGH "STRENGTH ,_STEEL, Fritz Laboratory
Report 269.2, Lehigh ,University (April 1959)
5. ,Wilson, W. ,W. and Hao, c. C.
RESIDUAL STRESSE;S IN ,'WELDED STRUCTURES.? Bul~etin ,_No. 361,
,University of Illinois (February 1946)
6. Rosenthal, D.
MATHEMATICAL THEORY OF HEAT DISTRIBUTION :DURING.WELDING AW)
CUTTING, The Welding Journal, 20(5) p. 220-8 (May 1941)
7 G tI. M• run~~g,.
DIE SCHRUMPFSPANNUNGEN BErM SCHWEJ;SSEN, Der Stahlbau
(July 1934)
8. Boulton and Lance Martin
RESIDUAL STRESS~S IN ARC-WELDED PLATES, Proc. lnst. Mech.
Eng., Vol. 133, p. 295-347, London (1936)
9. Rodgers and Fetcher ,
THE ,DETERMINATION OF INTERNAL STRESSE;S FROM THE TEMPERATURE
·HlSTORY OF A BUTT-WELDED PLATE, Journal, American ,Welding
Society, 17(11) p. 4~s (November 1938)
10. ,Weiner, J.
AN ELASTOPLASTIC ,THERMAL STR~SS ANALYS~S OF A FREE PLATE,
Journal of Applied Mechanics, 23(3) (September 1956)
11. ,Griffiths, George H. R.
RESIDUAL STR~SSES IN BUTT~WE~DED STEEL.PLATES, T~eWelding
Journal, 20(9) p. 410-8 (September 1941)
-58-
249.7 -59
12 0 Cordovi, M.. A.
BEHAVIOUR. QF RESIDUAL STRF.;SSES Ul\f.DER EXTERNAL LOi\D AND- _THEJ;R
EFFECT ON STRENGTH .OF WELDED STRUCTUR~S (by Acad. Eo O.
Patton, Prof. B. M. Gorbounov and lug. Do O. Bershtein,
Ukranian.Academy of Sciences, Kiev 1937~ translated a~d ab-
stracted from Russian literature) Tb,e Welding Journal, 23(9)
po 473-s (september 1944)
13. Meriam, J. L., DeGarmo, ED Paul, and Jonassen, Finn
REDISTRIBUTION ,OF RESIDUAL ,WELDING STRESS~S BY TE~SI~E LOAD-
ING ALONG A UNIONMELT WELD JOINING TWO 3-ft. x 12-ft. x I-in.
PLATES~ The Welding Journal~ 25(10) po 697-8 (October 1946)
14. Rosenthal, Do and Norton~ Jo T.
A METHOD OF MEASURING TR,I -AXIAL RES IDUAL STRE;SS IN PLATE;S,
The Welding Journal, 24.(5) p. 295-8 (May 1945)
15. Krefeld, ;W. J. and Ingalls, E. C.
RESIDUAL STRESSES IN A BUTT-WE~DED STRUCTURAL I-BEAM,
The-Welding Journal, 27(8) PQ 417-8 (August 1948)
16. .Weck~ R.
RESIDUAL STRESSES DUE TO,WE~ING, The -Welding Journal,
28(1) po 9-8 (January 1949)
17. Gunnert, R.
RESIDUAL ,WELDING STRESSES, .A~mqvist and Wiksell, Stockholm
(1955)
18. Fujita, Yo
BUILT-UP COLUMN STRENGTH, P~D Dissertation, Lehigh
,University (August 1956)
19. Huber, ,A •. W. and Beedle, Lo S.
RF.;S]~DUAL ,STR~SS AND THE COMPRE;SSIVE .STRENG'rH -OF STEEL,
,The' We~ding Journal, 33 (12) p.. 589-s (December 1954)
20. ASTM:SpecificationNo. A370-55T
21. Huber, A.. W.
THE Il\fFJ.,.UENCE OF R~SIDUAL STRE;SSON,THE INSTABILITY OF
COLUMNS, PhD Dissertation, Lehigh University (May 1956)
22. Tall, L. and Ketter, R. L.
ON THE ,YIELD PROPERTIES OF STRUCTURAL STEEL SHAPES, Fritz
Laboratory Report 220Ae33 ~ Lehigh, ,University (November
1958)
